INTRODUCTION
This report describes two large deposits of lignite near Wibaux, Mont., convenient to water and transportation and adaptable to large-scale strip-mining. It has been prepared as part of the Department of the Interior's program for the integrated development of the Missouri Eiver Basin.
The most economical way in which the lignite resources of the Wibaux area can be fully exploited is by open pit, or strip mining. It is the purpose of this chapter to present and describe deposits where the lignite can be mined on a large scale by stripping methods.
Commercial strip mining of coal in the United States began about 1910. By 1942 strip mining accounted for 12 percent of the nation's total annual coal production; and by 1950, the latest year for which figures are available, strip-mined coal comprised 23.9 percent of the total (Bureau of Mines, 1951, p. 20) . This rapid growth is due to the comparative cheapness of strip mining. In Illinois, for example, the amounts of coal produced per man-day in 1950 were 8 tons by underground mining and 18.7 tons by stripping (Bureau of Mines, 1951, p. 20) . Furthermore, strip mining recovers 80 to 90 percent of the coal in the ground (Koenig, 1950, p. 28) , but underground mining recovers only about 50 percent, the remainder being left as roof, floor, and pillars (Averitt and Berryhill, 1950, p. 8) .
At present the demand for coal in this region is very low. A few large mines supply coal for locomotive fuel, but this demand is decreasing as the railroads convert to diesel power. Many small local mines supply fuel for town power plants and homes, but this demand is being replaced by natural gas. When large industries come to the western part of the Missouri River Basin, the eventual demand for power will make it necessary, to supplement the hydroelectric plants with steam-electric plants using the abundant coal resources of the region as fuel.
Manufacture of synthetic liquid fuels is another likely use for the lignite in the Wibaux area. The low-rank coals of this area are well suited to the chemical synthesis processes. These processes require large quantities of water, however, and the number of plants would be limited by the amount of water available in the Yellowstone River.
In view of the expected increase in the demand for industrial fuel in this region and expanding use of strip mining in exploiting coal resources, it is expected that the interest in undeveloped deposits of strippable coal will increase in the future.
LOCATION
The Wibaux area is in the Fort Union coal region, a vast area of coal-bearing rocks that includes the western half of North Dakota, the eastern part of Montana, and part of the plains of western Canada. The Wibaux area comprises approximately 1,200 square miles in those parts of Dawson and Richland Counties, Mont., east of the Yellowstone River; the central and northern parts of Wibaux County, Mont., and an adjacent strip of Golden Valley County, N, Dak, (See fig, 35 .) The area is roughly triangular. . It is bounded on the northwest by 258.
. CONTRIBUTIONS TO ECONOMIC GEOLOGY ; (Stebinger, 1912) . The southern half is in the Sentinel Butte lignite field (Leonard and Smith, 1909) , the Glendive lignite field (Hance!, 1912) , and the Terry lignite field (Herald, 1912) . T. 138 N., Rs. 105 and 106 W., N. Dak., are part of the Marmarth lignite field (Hares, 1928) .
. i , The northern three-fourths of the Wibaux area is part of the Glendive quadrangle, which was topographically mapped by the U. S'. Geological Survey in 1909 at the scale of 1 : 250,000. The scale of this map is too small for use in mapping the lignite deposits. , j ACKNOWLEDGEMENTS j l The writer is very grateful for the help, consideration, and hospitality of the farmers and residents in the area. In particular, he wishes to acknowledge the contributions of Mr. Earl Baker, owner of the Black Diamond Mine; Mr. Joe Peplinski, who assisted the writer in taking a sample of the lignite from his mine ; and Mr. Kenneth Thompson of Wibaux, who provided logs of a number of wells that he had drilled. The Petty Geophysical Engineering Company contributed a great deal to the value of this report by providing the the driller's logs and elevations of their shot holes. The staffs of the Soil Conservation Service, U. S. Department of Agriculture, at Glen^-dive, Wibaux, and Beach generously provided the writer with the use of their office space and equipment.
: SCOPE AND METHOD OF INVESTIGATION
The deposits of strippable lignite described in this report were Selected with the object of describing areas suited to surface mining with heavy equipment and with sufficient reserves to be operated for several years. The standards used in evaluating and selecting the deposits, necessarily somewhat arbitrary, 'are based on present advanced strip-mining practices with an allowance for probable improvements in the future.
STANDARDS OF SELECTION or sxK,irr^aBi.E r>Ej?osiTS
The principal factors that determine tbe selection of striPPabie deposits are thickness and cleanness of lignite, thickness of over* burden, stripping ratio, shape of the deposit, dip of the lignite beds, nature of the overburden and terrain, size of the deposit, and its nearness to transportation and water supply.
ThickneSS Of lignite.
The minimum thickness of coal that can be strip mined profitably varies according to local conditions. Ill th$ East and Midwest, near the places of consumption; coal beds as thin as one foot have been strip mined. In North Dakota, where the rank of the coal is lignite, the minimum thickness now being stripped is about 5 feet. The minimum thickness of lignite considered strippable in the Wibaux area is arbitrarily set at 5 feet, partly because of the North Dakota minimum and partly because of the accepted practice of using that figure as the dividing line between thin and intermediate beds of lignite and subbituminous coal. The average thicknesses of the selected deposits in the Wibaux area are well above this minimum, but along the margins of the deposits the lignite beds thin to less than 5 feet. In such cases, the border of the deposit is considered to lie at the point where the lignite is 5 feet thick.
Thickness of overburden. The amount of cover that can be economically moved in a stripping operation depends largely on the type and capacity of the earth-moving equipment used. Most of such equipment now in use can move as much as 60 feet of overburden. In some parts of the country that figure is considered as a rough maximum for strip mining except under unusual conditions. At the Colstrip mine in Rosebud County, Mont., the average thickness of overburden moved in 1950 was 85 feet, and in small areas as much as 135 feet was stripped. For the purposes of this report the maximum thickness of overburden considered as strippable is placed at 120 feet, somewhat below the Colstrip maximum; and the overburden is broken down into three thickness categories less than 60 feet, 60 to 90 feet, and 90 to 120 feet.
Stripping ratio. In the eastern and midwestern states the maxi^ mum ratio of thickness of overburden to thickness of coal is commonly placed at 20 to 1. In the western states, particularly in the Fort Union and Powder River regions where the rank of the coal is low and sells at a lower price than eastern coal, a ratio of 10 to 1 is usually considered about the maximum for profitable mining. In this report the stripping ratio is expressed in cubic yards of overburden per ton of lignite; this ratio is equivalent to approximately nine-tenths of the thickness-to-thickness ratio. The stripping ratios of the selected deposits in the Wibaux area are well below the maximum for this region, the average ratio in the deposits being about 5 cubic yards per ton, with a maximum overburden of 120 feet.
Shape of the deposit. Areas to be stripped should be relatively wide in proportion to their length so that a number of successive stripping cuts can be made in the deposit and a minimum of expensive opening cuts from ground level need be made. Although this requirement is not necessary in all cases, in general, long, narrow deposits are not desirable.
Dip of lignite beds. As a general rule beds dipping more than 20 degrees cannot be strip mined. In the deposits described in this report the beds dip less than one degree.
Nature of the overburden. The ideal types of overburden for strip mining are shale and soft sandstone that can be loosened by light blasting, or possibly with no blasting at all. The rocks overlying the lignite in the Wibaux area are mostly shales, clays, and soft sandstones. The few thin limestone beds and most of the harder sandstone beds can be broken by light blasting. \ Nature of the terrain. Rough, hilly country is not suitable for stripping operations unless other factors, such as an exceptional thickness of lignite, offset the difficulty of working on steep slopes. A particular disadvantage of rough terrain is that the practical overburden limit is likely to be so close to the outcrop of the lignite bed that only a narrow strip can be mined. In general, areas are sought where the land is gently rolling or flat.
Total reserves. The reserves in a strippable deposit as defined in this report should be sufficient to insure continuous operation for at least five years, as it is not economical to move heavy stripping equipment into an area for a shorter period. Based on the anticipated scale of future strip mining in eastern Montana and western North Dakota, the minimum reserve of lignite for a strip deposit as defined in this report is 15 million tons, of which 10 million tons should be under less than 60 feet of overburden.
Nearness to railroads. The main line of the Northern Pacific Kailway passes through the Wibaux area, and there are excellent deposits within a few miles of the railroad. These were mapped in preference to those in other parts of the area.
METHODS OF INVESTIGATION
The first phase of investigation of the Wibaux area was a Study of the published bulletins on lignite fields to find those areas having lignite beds more than 5 feet thick. Following this an extensive reconnaissance tour of the area was made to: (1) Check the prospects noted On the published maps to see which might be suited for strip mining and (2) discover other lignite beds not previously mapped that might contain strippable deposits.
It became evident during the preliminary field reconnaissance that the Beach-Wibaux and Four Buttes deposits (nos. f and 9, fig. 3S) are the most favorable for strip mining of the several prospects in the area. Hence, nearly all the field season of 1951 was devoted to mapping them in detail.
Geologic mapping. Th© str-ippabl© bed in the Beach-Wibaux and
Four Buttes deposits were previously mapped as part of the Sentinel Butte lignite field (Leonard and Smith, 1909) , but the mapping on a reconnaissance scale and not in sufficient detail for the purposes of this project. The lignite bed was outlined only approximately on the map of the Glendive lignite field (Hance, 1912) in the area of the Beach-Wibaux deposit.
The outcrop and clinker of the strippable bed and other nearby lignite beds were mapped on the U. S. Department of Agriculture aerial photograph mosaic of Wibaux County at a scale of 1: 31, 680, or 2 inches to the mile. As the photo map has been adjusted to an accurate land control, surveying methods were not necessary. The BeachWibaux, Four Buttes, and Little Beaver Creek deposits were mapped in this manner.
Determination of thickness of lignite. The estimates of the average thickness of the lignite in the selected strippable deposits are derived from: (1) Measured exposures, (2) logs of power-auger holes, (3) reports of the thickness in abandoned mines, by owners or former employees, (4) logs of water wells, given by the driller or the farmer, and (5) logs of seismograph shot holes.
The most accurate measurements are those taken at outcrops or in open mines. The power auger gives fair accuracy in holes less than about 50 feet deep; the thicknesses are generally accurate within one to two feet, although details, such as thin partings, usually cannot be-, distinguished in the cuttings. The accuracy of farm well reports isvariable. As the main purpose of the driller and the farmer is to find water, the thickness and depth of the lignite beds is of incidental interest. Some such logs are fairly accurate; others, however, cannot be relied upon except as indicating the presence of the lignite and its approximate depth and thickness. The seismograph shot-hole logs used in this report were obtained from the Petty Geophysical Engineering Company. The drillers were extremely cooperative and made every effort to get accurate logs; and, therefore, most of the thicknesses recorded are probably reliable within a few feet.
Mapping of overburden. The overburden lines on the maps (pis. 39 and 40) represent those lines along which the overburden is 60, 90, and 120 feet thick. These contours were drawn in the field on aerial photographs by reference to nearby points where the depth to the top of the lignite was known. The difference in elevation was measured with a surveying aneroid barometer or with an alidade and plane table. Where well reports or other drill holes that give the depth to the lignite were lacking, the overburden lines were located approximately by calculating the dip of the lignite bed and subtracting the inferred elevation of the lignite below the ground from the surface 4 elevation at the same point. Calculation of reserves of strippable lignite. Data on the thickness and areal extent of each deposit are spaced closely enough to permit a fairly accurate estimate of the reserves of strippable lignite in the deposits, although the accuracy necessarily varies considerably from place to place. As most of the measurements of the lignite are at or near the outcrop of the bed, the most accurate reserves are those in the category of less than 60 feet of overburden. In general, the strippable reserves of the selected deposits are considered to be commensurate with the "indicated" category of reliability as described by Averitt and Berryhill, (1950, p. 11) .
In calculating reserves, the acreages between the outcrop of the lignite and the 60-, 90-, and 120-foot overburden lines were measured separately on each deposit map with a planimeter. The number of acres of less than 60, 60 to 90, and 90 to 120 feet of overburden were each then multiplied by the average thickness of the lignite, giving the volume of lignite in acre-feet under three maximum thicknesses of overburden. The approximate number of short tons per acre-f OOt of lignite is 1,750. Therefore, the product of this figure and the volume of lignite, in acre-feet, gives the reserves in short tons.
The strippable reserves of the two selected" deposits RPB given In ratio of average thickness of overburden to average thickness of lignite. To derive the stripping ratio, the total volume of overburden is estimated from the area measurements and from the knowledge of the terrain over the deposit. Then the volume divided by the tonnage gives the average stripping ratio. These figures are necessarily approximate and are rounded off to the nearest cubic yard per ton.
GEOGRAPHY
The Wibaux area is a part of the northern Great Plains, a semiarid region devoted mainly to livestock raising and grain growing. The principal mineral resources of the region are coal and petroleum. The region is sparsely populated, towns being about 30 to 40 miles apart. As none of the rivers are navigable, all freight is carried by rail or by truck.
Climate. The climate in the Wibaux area is semiarid, with a great range of temperature throughout the year. The average annual precipitation is about 15 inches, most of which falls as rain during the spring and summer months. The remainder falls principally as snow from late October into April.
The winters are particularly severe; the temperature may reach as low as 30° to 40° below zero, and frequent blizzards virtually paralyze rural areas. During the summer the temperature averages about 70°, but may exceed 100°.
Topography and drainage. The Wibaux area is part of a dissected plateau, marked by hills and buttes, occasional badlands, and smooth, upland surfaces. The principal streams are the Yellowstone River and Beaver Creek, a tributary to the Little Missouri River. The drainage areas of the Yellowstone and Beaver Creek contrast strongly in their general topographic aspect. The parts of the area drained by the Yellowstone River are rugged and hilly with many badlands. The valleys of some of the major creeks have broad, smooth slopes. In contrast, the drainage basin of Beaver Creek is characterized,by low,, rolling fields and meadows, broken in places by buttes capped by clinker or sandstone.
/Settlement. Slightly more than half the population of the Wibaux area is in Beach, N. Dak., population 1,461, and the larger towns of Glendive, Sidney, and Wibaux, Mont, which, according to the 1950 census, have populations of 5,254, 3,987, and 1,907 respectively. The rest live on farms, ranches, and in small rural communities such as Hodges, Mont, and Golva, N. Dak. The greatest concentration of rural population is in east-central Wibaux County and in that part of Golden Valley County, N. Dak., included in the area investigated. Electric power. Most of the electric power in the area is generated at the Fort Peck Dam in northeastern Montana and is delivered to Glendive over a 115-kilovolt transmission line. A 57-kilovolt line, owned by the Montana-Dakota Utilities Co., extends from Glendive through Wibaux to Beach. The local needs in the area around Wibaux and Beach are served by the Wibaux Rural Electric Association, which converts the 57 kilovolts to 7.2 kilovolts at a substation 3 miles west of Beach. A 57-kilovolt line follows the west side of the Yellowstone River from Glendive to Sidney. In addition, the Bureau of Reclamation has constructed a 115-kilovolt line that extends from Glendive to Sidney. Water supply. The Wibaux area is 30 miles southeast of the Yellowstone River, which is the only source of water in quantity. The annual rate of flow of the Yellowstone, measured at Sidney, is given in table 2. None of the other streams in the area supply enough water the year round for industrial use. Beaver Creek flows some water during all but the winter and the driest months, enough to serve certain engines such as test-drilling rigs. Its annual flow, measured at Wibaux, is given in table 3.
Ground water may be obtained at fairly shallow depths from sandstone and coal beds of the Tongue River member of the Fort Union formation. The available supply generally is inadequate for industrial demands and is too highly mineralized to be used in boilers. However, in the valley of the Yellowstone River, wells that tap the saturated alluvial fill may produce enough water for use in fuel or steam plants, provided it is treated to remove the high content of dissolved salts.
.
Land use About three-fourths of the area is grazing land-, the.
rest is under cultivation, principally to spring wheat, as well as flax, feed corn, barley, and oats. The greatest concentration of cropland IS east Of Beaver Creek where, on the smooth upland, there is a belt of rich soil that supports a fairly high density of nonirrigated farms. The land west and north of Beaver Creek is used mostly for raising livestock; however, there are scattered plots of cropland on the more level areas. separately. The Northern Pacific Railway was originally granted all odd-numbered sections in the area and rights to the coal. Much of its land has since been sold or traded; but the railroad has, in most sections, retained the mineral rights. The States of Montana and North Dakota were given sections 16 and 36 of each township for use as school land. In most townships neither the surface nor mineral rights of state-owned sections have been sold.
Those Government sections in which agriculture is possible have been homesteaded or sold. The mineral rights, in particular coal rights, are held by the Government on most of its original land, but in a few cases these rights were sold to the landholder.
By 1951 the oil and gas rights in nearly the entire area were leased by private companies. About half of the leases include rights to all minerals, including coal. There has been a large amount of buying and selling of mineral rights for the value of the oil royalties since 1950, and many of these transfers have included the coal rights.
STRATIGRAPHY
The strata exposed in Dawson, Richland and Wibaux Counties, Mont., are of Cretaceous and Paleocene age. The formations are, in ascending order, the Pierre shale, the Fox Hills sandstone, the Hell Creek formation of Late Cretaceous age, and the Fort Union formation of Paleocene age. In the Wibaux area only rocks of the Fort Union formation are exposed.
FOBT UNION FORMATION
The Fort Union formation is the surface rock of most of eastern Montana and western North Dakota and contains most of the lignite resources of the region. The formation is of nonmarine origin; its strata were deposited in lakes, swamps, and river flood plains. It is composed mostly of sandstone, shale, clay, and numerous beds of lignite. A conspicuous characteristic of the Fort Union formation is the reddish masses of clinker, or baked and fused rock, caused by widespread burning of the lignite beds. Clinker, locally called "scoria," strongly resists erosion and thus forms the cap-rock on ledges and flat-topped buttes. The Fort Union formation in this locality is divided into three members; the Ludlow, Tongue River, and Sentinel Butte members.
Ludlow member. The Ludlow member, the lowest unit of the Fort Union formation, lies comformably on the Upper Cretaceous Hell Creek formation. In most of the older geologic reports the Ludlow member and Hell Creek formation, which are similar in character, were not distinguished from each other but were referred to as the Lance formation. The Ludlow member crops out only along the banks of the Yellowstone River in Dawson County, and on the southwestern edge of the area as far east as the vicinity of Hodges, Mont.
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The Ludlow member consists of lenticular beds of somber gray and brown sandstone and shale, and a few thin beds of lignite. In this area it is about 250 feet thick. At the top of the member the coloring of the sandstones and shales gradually changes to the light yellow and tan hues of the overlying Tongue River member.
Tongue River member. The Tongue River member, which is exposed over nearly all the Wibaux area, is composed of light-yellow, tan, and gray sandstones and shales; thin lenses of limestone; and numerous beds of lignite, the thicker of which are generally marked by fringes of clinker. The major lignite resources of the region are in the Tongue River member, as are the strippable deposits described in this report. The maximum thickness of the Tongue River member is about 1,200 feet, as measured in the Sidney lignite field. However, in the Marmarth field, southeast of the investigated area, its thickness is only about 600 feet. In the older reports, the term Fort Union formation is restricted to the yellow strata herein referred to as the Tongue River member.
Sentinel Butte shale member. About 200 feet of the Sentinel Butte shale member, the uppermost member of the Fort Union formation, is exposed at the top of Blue Mountain in northern Wibaux County. It is composed of gray and brown sandstone and shale and contains a few thin lignite beds and bears a striking resemblance to the Ludlow member. The contact of the Sentinel Butte shale member with the Tongue River member is marked in most places by a lignite bed, called bed K in the Sidney field, bed F in the Sentinel Butte field, and the HT Butte bed in the Marmarth field. E. 58 E.), where the strata dip southward about 30°, Many minor undulations were noted in the attitude of the lignite beds in the strippable deposits, but there is no evidence that the lignite on the limbs of these small folds dips more than about 5°.
-1 Lignite is coal which has a heating value of less than 8,300 Btu, determined on the moist, mineral-matter free basis (according to the standard specifications of the American Society for Testing Materials). All coal in the Wibaux area and its vicinity is lignite in rank. Proximate analyses of representative samples of the lignite are presented in table 4. Only two samples were obtained in the investigated area, one from the Four Buttes strippable deposit and the other from the southern part of the Beach-Wibaux deposit. The other two are from mines northwest of the Yellowstone Eiver in the vicinity of Glendive, and are probably representative of the lignite in the western part of the area.
Unweathered lignite is hard and tough, black to brownish black, and has a dark-brown streak. When exposed to air, it loses moisture and slacks readily and may eventually ignite spontaneously and burn. Special care must be taken in storing it, several methods being used immersing the stockpile in water, covering it with an airtight seal of tar or asphalt, or storing in closely compacted piles or pits.
The freshest natural exposures of lignite are those found on steep cutbanks of streams; however, even those are somewhat weathered. Exposures on slopes are usually fully slacked, and the lignite is brittle and crumbly. Such outcrops frequently show only as a dark smudge or "bloom" in the soil. Exposures of any sort are rather rare owing to extensive burning of the lignite along its outcrop. Heat from this burning, and the resultant emanations of hot gases, have produced the bricklike baked rock called clinker or "scoria" that marks the trace of nearly all the thicker lignite beds in the region.
By comparison with most of the lignite and subbituminous coal of eastern Montana, the ash and sulfur content of the lignite in the Wibaux area is average to somewhat high ; but, by comparison with most of the coals of the United States, the percentage of impurities is lOW. In addition to the layers or clay and bone and the lenses and bands of pyrite and marcasite that are COniBlOIl tO HlOSt COalS, the lignites in the Wibaux area contain a few silicified tree stumps, gypsum crystals, and veinlets and small masses of jarosite, a yellow oxide of sulfur, iron, and potassium.
PB.TTJ<-!TT»AT. LIGNITE
Three lignite beds in the Wibaux area contain deposits that are minable by stripping methods. TheSB aie, beginning With the lowest, the unnamed "lowest minable bed" of the Glendive (Hance, 1912) and the Terry lignite fields (Herald, 1912) ; bed G of the Sidney lignite field (Stebinger, 1912) ; and bed C of the Sentinel Butte lignite field (Leonard and Smith, 1909) . Bed C contains the two strippable deposits that are mapped and described in detail. Possible strip areas in the two lower beds are described in the section headed "Possible deposits." The stratigraphic relations of the beds are shown in figure 36. Lowest "bed. This bed crops out almost continuously throughout the Glendive and Terry lignite fields in the southern half of the area. It is equivalent to bed A of the Sidney lignite field, which crops out only on the west side of the Yellowstone River. Two potential strip deposits were prospected in this bed, one at Griffith Creek and the other south of Hodges, Mont., both in the Glendive lignite field. The bed is at or near the contact of the Ludlow and Tongue River members of the Fort Union formation. It varies greatly in thickness within rather short distances and ranges from less than 2 feet to 24 feet. The possibilities for strip mining in the thicker portions of this bed are limited by the fact that it crops out almost exclusively in a belt of high, rugged badlands.
Bed G of the Sidney -field. Bed G is the thickest and most continuous of the minable beds in the, Sidney lignite field. Bed G contains four possible strip deposits in the rolling uplands near Smith and Dry Creeks in the northern part of the area where it ranges from 5 to 11 feet in thickness. Bed G is equivalent to the Harmon bed of the Sentinel Butte lignite field. The Harmon bed crops out near the level of Beaver Creek near the Four Buttes strippable deposit and lies at shallow depth beneath the town of Wibaux, where it is reported to be 12 feet thick. The Harmon bed is not identified with certainty along Beaver Creek south of Wibaux, but it may be that the deposit prospected for stripping at Lamesteer Creek in the extreme southern part of the area is in the Harmon bed.
Bed C of the Sentinel Butte -field. Bed C contains the BeachWibaux and Four Buttes strippable deposits and a possible deposit in the Little Beaver Creek area; this is the thickest of the beds in the investigated area. Bed C reaches a maximum thickness of 40 feet in the Beach-Wibaux deposit and maintains a thickness of more than 10 feet over most of the southeastern part of the area. It is probably equivalent to bed I of the Sidney field and to the equivalent Burkey and Garner Creek beds of the Marmath field to the southeast.
SELECTED STRIPPABLE DEPOSITS
Two deposits in the Wibaux area were mapped in detail the Beach-Wibaux deposit and the Four Buttes deposit, both in bed C of the Sentinel Butte lignite field (Leonard and Smith, 1909) . Both areas are well above the minimum standards for selection of strippable deposits with regard to the thickness of lignite and overburden, and the total reserves of each are sufficient to allow continuous stripmining operations for many years. An important advantage is that all parts of the deposits are within a short distance of the main line of the Northern Pacific Railway, which connects them directly with potential points of consumption.
FOUR BUTTES STRIPPABLE DEPOSIT
The Four Buttes strippable deposit (pi. 40) comprises about 8 square miles in the divide between the Yellowstone River and Beaver Creek, in central Wibaux County, Mont. State Eoute 7, a well-drained gravel road, connects the deposit with the town of Wibaux, five miles to the south; and, as U. S. Highway 10 and the main line of the Northern Pacific Kailway pass through Wibaux, the deposit is readily accessible to the main routes of transportation. The strippable deposit is in sees. 1, 2, 3,10,11,12, 13, and 14, T. 15 N., B 59 E.; sees. 6 and 7, T. 15 N., R. 60 E.; sees. 25, 26, 27, 28, 34, 35, and 36, T. 16 N.} R. 59 E.; and sees. 31 and 32, T. 16 N., R. 60 E.
Topography and land use. The deposit is in a moderately hilly upland, which slopes east and west from the divide between the Yellowstone River and Beaver Creek. The crest of the divide is less than 120 feet above the top of the strippable lignite except in sec. 35, T. 16 N., R. 59 E., where eight small clinker-capped hills rise to about 135 feet above the bed. A cluster of four of these hills in the northeast corner of the section is the Four Buttes, a distinctive local landmark.
The eastern slope of the divide is a smooth, gently rolling surface cut by several broad, shallow draws tributary to Beaver Creek. In the northeast corner of the deposit, however, the draws are steep and incised, and the relief exceeds 100 feet. The extreme eastern edge of the deposit underlies a small portion of a flat terrace of Beaver Creek.
The western slope is in general more rugged than the eastern, particularly along the narrow ridges that project northwestward from the main body of the deposit. The heads of the tributaries of the Yellowstone lie in deep valleys, the sides of which rise nearly 100 feet toward the uplands near the divide. The deposit is about 2,700 feet above sea level.
About 70 percent of the area over the deposit is under cultivation to wheat and feed corn. The remainder is occupied by pasture.
G lignite bed The strippable lignite of the Four Buttes deposit is in bed C of the Sentinel Butte field. The lignite ranges from 5 to possibly 20 feet in thickness and averages about 10 feet. The data are provided by 28 measured exposures, four power-auger logs, and seven seismograph shot-hole logs (pi. 41). The map of the deposit (pi. 40). includes lines showing the general thickness of the lignite as inferred from these measurements. In the NW*4 sec. 12, T. 15 N., R. 59 E. and in adjacent parts of sees. 1 and 11, the lignite is less than 5 feet thick and is not considered as being in the deposit.
A thin clay parting in the lower part of the bed was noted at locations 20 and 25, but no partings were found elsewhere. Three vertical sand partings, or "sand splits," were found in the Stair mine. They are 1 to 3 inches wide, spaced about 200 feet apart, and cut the bed from top to bottom. These "sand splits" apparently were formed shortly after the lignite bed was deposited as peat and a thin layer of sand and clay had spread over it. The ground surface sloped slightly, and the soft materials tended to slump downslope. The stresses exerted by the slumping tore fissures in the jelly like peat, and loose sand and clay were washed in. Now that the peat has hardened to lignite, the sand-filled fissures remain as dikes.
The proximate analysis of a channel sample of the lower 11 feet of the bed is given in table 4. The sample was taken from the innermost room of the Stair mine, about 600 feet north of the mine mouth. The analysis shows a medium heating value for lignite and a rather high ash and sulfur content. The high ash content is partly accountable to the one-inch parting in the lower part of the bed.
In accord with the regional structure, the beds dip about 30-40 feet per mile northeast. Owing to this dip and to the fact that the lignite is cut through by Beaver Creek east of the deposit, it is unlikely that any appreciable amount of ground water has accumulated in the bed.
Overburden and -floor rock. The overburden consists of lenticular beds of soft sandstone, siltstone, shale, and clay. A fairly persistent bed of lignite, one to two feet in thickness, lies about 50 feet above bed C. Small points of clinker cap the hills in sec. 35, T. 16 N., R. 59 E., where the overburden reaches its maximum thickness of 135 feet. In most localities the lignite rests on gray or carbonaceous clay, but at location 2 the power auger struck sand directly beneath the lignite.
Strippdble reserves. The total strippable reserves of the Four Buttes deposit are estimated at 91 million short tons of lignite beneath a maximum of 135 feet of overburden. (See table 1.) Of this amount, only about 250,000 tons are under more than 120 feet of overburden. If the entire tonnage were recovered by strip mining, it would be necessary to remove on the average 5 cubic yards of overburden per ton of lignite. The lignite beneath less than 60 feet of overburden could be mined at an average ratio of slightly less than 3 cubic yards per ton.
That lignite beneath the crests of the narrow ridges south of the NWx/4 sec-14, T. 15 N., R. 59 E. is not considered to be in the deposit. Northeast of Four Buttes, lack of exposures or of clinker indicated that the bed is probably thin, and the deposit, therefore, is not considered as extending into this area. Furthermore, exposures along Beaver Creek at location 31 and others farther northeast, show that the bed splits into several thin benches.
BEACH-WIBATJX STRIPPABLE DEPOSIT
The Beach-Wibaux strippable deposit (pi. 39) underlies about 55 square miles between Wibaux, Mont., and Beach and Golva, N. Dak.
Bed C of the Sentinel Butte lignite field (Leonard and Smith, 1909) is the strippable bed. In about three-fourths of the area, bed C is more than 20 feet thick; and, in a large part in the central portion, its thickness exceeds 30 feet, with no partings. U. S. Highway 10 and the main line of the Northern Pacific Eailway cross the deposit, and a railway spur skirts its eastern border. The town of Beach lies on the east edge of the deposit as shown on plate 39; the town of Wibaux lies 5 miles northwest of the deposit and half a mile west of the west edge of the area shown on plate 39.
For convenience in description, the deposit is arbitrarily divided into three parts (see pi. 39): The northern part, the central part, and the southern part. The northern part includes all of the area north of U. S. Highway 10. The central part extends from Highway 10 southward to Duck Creek in the vicinity of the State line, and in North Dakota, includes the northernmost four tiers of sections in T; 139 N. The southern part lies south of Duck Creek in Montana and includes the southern two tiers of sections in T. 139 N. and the northern three tiers of T. 138 N. in North Dakota.
NORTHERN PART
The area lying north of the highway is distinguished from the central and southern parts by somewhat higher relief and a lower maximum thickness of lignite. The northern part is convenient to the main line of the Northern Pacific Railway, which follows the south side of U. S. Highway 10.
The northern part includes 7,330 acres in the following sections: sec. 32, T. 15 N., E. 60 E.; sees. 2, 3, 4, 5, 9, 10, 11, 12, 13,-14, 15, 22, 23 , and parts of 24, 25, 26, and 27, T. 14 N., E. 60 E., Wibaux County, Mont.
Topography and .land use. The terrain is moderately hilly and characterized by gentle, grassy slopes of 50-80 feet of relief. Hay Creek, which drains the central and northern portions of this area, and an unnamed creek near the highway and railroad contain water throughout most of the year.
Nearly all the area is under cultivation for wheat, feed corn, and flax. Some small plots on hilltops and slopes are used for pasture. Eoads, most of which are graded and drained, follow all the section lines. The elevation of the area is around 2,YOO feet above sea level.
C lignite bed. The C lignite bed in the northern part of the BeachWibaux deposit ranges from 5 to at least 20 feet in thickness and averages about 17 feet thick. Thickness measurements were taken from five power-auger logs, one well report, and one seismograph shot hole log (pi. 42). In addition, two seismograph shot holes and a mine a few hundred feet south of the highway provided data on the thickness along the southern edge of the area.
The lignite probably exceeds 20 feet in thickness along the southern border near Highway 10, and in a narrow band in sees. 2, 3, 9, and 10, T. 14 N., E. 60 E. (see pi. 39). In the broad central portion available information indicates that the bed is between 10 and 20 feet thick. In the northern tier of sections in T. 14 N. and in the southern tier in T. 15 N., the bed thins gradually to less than 5 feet. North and east of this part of the deposit, bed C is more than 5 feet thick and may be strippable in parts of the Little Beaver Creek area, which is described in the section, "Other possible deposits."
No samples of the lignite were obtained for analysis from this part of the deposit, but it is presumably similar in rank and quality to the samples taken in the southern part and in the Four Buttes deposit. (See table 4 .)
The beds dip generally northeastward about 30 feet per mile. Throughout most of the deposit, the lignite is saturated with ground water. In the western part of the area, Hay Creek may provide an outlet for this water from stripping pits, but in the parts where the lignite lies below the level of the stream channel, pumping will probably be necessary.
Overburden and floor rock. The overburden up to 120 feet above the lignite consists of fine-grained sandstone and siltstone, interbedded with shale and clay. Directly beneath the lignite is a soft, gray underclay.
Strippable reserves. The total estimated reserves of lignite under less than 120 feet of overburden in the northern part of the BeachWibaux deposit are 218 millioji tons. (See table 1.) Slightly more than half, 120 million tons, lies beneath less than 60 feet of overburden and can be mined at an average stripping ratio of 2 cubic yards of overburden per ton of lignite. If 120 feet of overburden were removed, the ratio would be between 3 and 4 cubic yards per ton.
CENTRAL PART
The central part consists of 15,660 acres in the following sections: favorable prospect for strip mining of all the areas described in this report. In its northern portion there are about 4 square miles in which bed C ranges from 25 to 40 feet in thickness and, except for a few low hills, lies beneath less than 60 feet of overburden. The Surrounding areas are scarcely less favorable, and there is indication that the lignite maintains a thickness of more than 20 feet throughout most o± this part of ike deposit.
The main line of the Northern Pacific Railway marks the northern boundary of the area, and the Spur line connecting Beach and Golva, N. Dak., is Within a mile of the eastern boundary.
The central part consists of 15,660 aCTCS in the following sections: Sees. 25, 26, 27, 28, 29, 33, 34, 35, and 36, T. i± N., R. 60 E.; sees. 1, 2, 3,10,11, 12, 13, 14, 15, 24, and 25, T. 13 N,, B, 60 E.? and the quarter mile wide strip of T. 13 N., B, 61 E.; Wibaux County, Mont. , and sees. 34 and 35, T. 140 N., E. 106 W.; sees. 1, 2, 3, 10, 11, 12, 13, 14, 15, 22, 23, and 24, T. 139 N., E. 106 W., Golden Valley County, N. Dak. Topography and land use. The surface over the central part of the deposit is part of a smooth, rolling plain that stretches from the clinker fringe at the western edge of the deposit eastward into North Dakota. The relief between the low rises and the broad hollows is about 50 feet, although in some places the slopes are so gradual that the land appears to be nearly level. The elevation of the area is between 2,800 and 2,900 feet above sea level.
The area is nearly 100 percent under cultivation, as it is considered to contain some of the best wheat growing land in the region. Almost every section contains two or three farms.
G lignite bed. The C lignite bed in the central part of the BeachWibaux deposit ranges from 13 to 40 feet in thickness and averages about 24 feet thick. Data on the thickness are provided by 6 powerauger logs, 17 seismograph shot-hole logs, 3 water well reports, and 4 reports of abandoned mines (pi. 42). A maximum thickness of 40 feet was reported at the Black Diamond Mine (location 19) near the southeast corner of sec. 10, T. 13 N., E. 60 E., Mont. As shown, on the map (pi. 39), the thickest part of the deposit lies in the northcentral sections of T. 13 N., E. 60 E., and in sec. 34 of the township to the north. Within a mile east of the thick area, the bed becomes as thin as 16 feet in sec. 2, T. 13 N., E. 60 E., and 13 feet in the SE. corner of sec. 12 of the same township.
The wells at Beach, N. Dak., (location 39) in which 36-38 feet of lignite were recorded, indicate that the bed is at least 20 feet thick along the northeastern margin of the deposit. No partings were observed or reported in the bed except at location 23 in sec. 13, T. 13 N., E. 60 E. Very little information on the thickness of the lignite was obtained on the North Dakota side of the deposit, though a few water well reports from farms within two miles east of the State line indicate the presence of lignite probably more than 20 feet thick as far east as about 3 miles east of the State line. As the amount of available information on the lignite progressively decreases eastward, mapping was not continued more than about 1% miles farther than the easternmost point of reliable information on the depth to the lignite. Beyond this, the depth and thickness of the bed could not be inferred with accuracy consistent with that maintained elsewhere.
The thickness of 14 feet at location 15 G is probably not representative of the surrounding parts of the bed. This location is not far from a long tongue of clinker that cuts into the deposit, and the lignite at this point has probably been partly affected by burning. The other nearby measurements show that within a short distance of 15 G the bed is 30 or more feet thick.
In sees. 27,28, and 33, T. 14 K, R. 60 E., the lignite is missing along a strip about half a mile wide. No lignite was found in an auger hole at the SE. corner of sec. 28, and no clinker or bloom was found along the slope in sec. 33, on the opposite side of the hill. On either side * of these localities, the thick clinker stops abruptly and thus marks the probable outline of the area in which the lignite is missing. It is likely that this area represents part of the course of an ancient stream that removed the lignite by erosion.
In the 4 quarter-sections about the common corners of sees. 13, 14, 23, and 24, T. 13 N., R. 60 E., a wedge of weathered lignite lies below * the level of several patches of clinker and is not included in the deposit. The position of the clinker indicates that only that part of the bed that lay above the water table was burned. The lignite that underlies the area between the clinker and the outcrop trace of the base of the lignite bed is directly beneath a veneer of soil and is thoroughly weathered.
No analyses of the lignite were obtained in this part of the deposit, but it is likely that it is nearly identical in rank and quality with the sample taken at the Peplinski mine in the southern part of the deposit. (See table 3.) .
The bed dips generally 40-50 feet per mile northeast, modified in many places by minor warps and low folds.
. Throughout most of the area, the lignite is probably saturated with ground water. The abandoned mines are now flooded and many of the local farm wells tap bed C for water. As the dip of the bed IS for the most part opposed to the slope of the ground, stripping pits will probably have to be drained by pumping.
Overburden and -floor rock. The overburden consists mostly of shale and dense, blue-gray clay, interbedded with siltstone and thick < lenses of sandstone. Some of the sandstone beds are quite hard and may require blasting to remove. Blocks of this hard sandstone may be seen near location 22 in the SE^4 sec. 11, T. 13 N., R. 60 E., at the site of a small Strip mine that was abandoned because the miners were unable to remove the hard overburden with a bulldozer. Beneath the lignite is a soft, gray underclay. > * Strippdble reserves. The central part of the Beach-Wibaux de-, posit contains 658 million tons of lignite; which, except for two small hills, lies under less than 120 feet of overburden. (See table 1.) Slightly more than half the total, or 339 million tons, lies under less than 60 feet of overburden and can be stripped at an average ratio of one to two cubic yards of overburden per ton of lignite. If 120 feet * of overburden is removed, the ratio would be two to three cubic yards per ton. Further exploratory drilling on the North Dakota side of the area may considerably revise the above estimate of reserves, and it may b& possible to extend the strippable deposit farther to the east than the arbitrary limit set in this report.
SOUTHERN PART
Although the southern part of the Beach-Wibaux deposit has the lowest average thickness of lignite (16 feet) of the three parts of the deposit, three-fourths of it lies beneath less than 60 feet of overburden. Within this part there are several indications that the lignite has been removed along the course of buried stream channels.
The southern part of the deposit is 5y2 miles south of Beach, N.. Dak., and is also convenient to the Northern Pacific Railway spur that connects Beach and Golva. This line lies within the westernmost tier of sections of T. 105 W., N. Dak.
This part of the deposit includes 11,720 acres in the following sections : in Wibaux County, Mont., sec. 36, T. 13 N., R. 60 E.; sec. 31, T. 13 N., R. 61 E.; sees. 4, 5, 8, 9, 16, 17, 18, 19, 20, and 21, T. 12 N., R. 61 E.; and in Golden Valley County, N. Dak., sees. 25, 26, 27, 34, 35, and 36, T. 139 N., R. 106 W.; sees. 1, 2, 3, 10, 11, 12, 13, 14, 15, 22, and 24, T. 138 N., R. 106 W.;  and an adjacent narrow strip of T. 138 N., R, 105 W.
Topography <wd land use. Similar to the central part, this area is part of a broad, rolling plain. Relief is somewhat higher, however, as some of the hills rise gradually to about 100 feet above the surrounding lowlands. Most of the area is drained by Duck Creek and other tributaries of Beaver Creek. The southeastern portion drains into Bullion Creek, which flows east into the Little Missouri River.
The southern part of the Beach-Wibaux deposit is nearly all under cultivation for wheat. In general its productive capacity appears slightly less than that of the central part. The elevation is 2,800-2,900 feet above sea level.
C lignite bed. The C lignite bed in the southern part of the BeachWibaux deposit ranges from 9 to 24 feet in thickness, where it has not been thinned by channel erosion, and averages about 16 feet thick. East of Duck Creek information is very sparse on the depth and thickness of the lignite; and, as in the central part, mapping was not carried out more than 1% miles farther than the easternmost point of reliable information.
Complete sections of the bed were obtained from six power-auger logs, four abandoned mine reports, and one water-well report ( fig.  37 ). Additional well reports on the North Dakota side gave fairly reliable estimates of the depth to the lignite but were not considered reliable as sources of data on thickness.
. .;.
Bed C crops out in in an area of about 2 square miles near the head of Duck Creek, approximately in the center of the Southern ]Part, where its outcrop trace is marked by scattered occurrences of clinker. It dips downstream below the level of the creek in sec. 3, T. 138 N:, R. 106 W., N. Dak., and reappears as clinker a mile northeast in sec,: 35, T. 139 N., R. 106 W. The outcrop trace winds over about 3 square miles to the northwest of the latter point, and the bed dips again under 'the level of Duck Creek in sec. 27 of the same-township. It -then reappears about a mile to the northwest, just over the Montana line, where its outcrop is part of the main clinker-fringed border of the deposit.
Power-auger drilling at location 27, in the bed of Duck Creek, shows "that the lignite, lying 6 feet below the surface, is thoroughly weathered. Thus, it is likely that the bed is similarly weathered and not niinable at shallow depths beneath the course of Duck Creek. Accordingly, the lignite under the stream bed is not considered as being in the deposit.
The bed is 20 to 25 feet thick in the northern half of the area but thins gradually southward to less than 10 feet along its southern and western edges.
At six places in and near the North Dakota side of southern part, there are indications that the lignite has been removed along the courses of buried stream channels. Points where the lignite was found to be missing in power:auger holes or in farm wells are marked on the map (pi. 39) by small circles. In addition to the marked localities, a channel cutting the lignite was reported at the mine at location 29. In power-auger holes in the NE*4 sec. 11, T. 138 N., R. 106 W. and the NW*4 sec. 35, T. 139 N., R. 106 W.; 1 to 2 feet of lignite was found, overlain by a fine sand; and, at the farm near the center of sec. 2,138 N., R. 106 W., the deepest of three wells did not strike lignite, whereas the other two encountered the C bed at a depth of 24 feet. At .the SW. corner of sec. 18, T. 138 N., R. 105 W., the power auger found only sand at the level where the lignite bed was expected-South of this latter point, ancient erosion of lignite is probably extensive; hence, the deposit was not considered as extending into the southern three tiers of sections of the township. At location 38 ( fig. 37 ) in the SW}4 sec. 19 of the same township, half a mile south of the south .limit of the map (pi. 39),-the manner in which lignite is eroded is .shown in a farm?silage pit. Here the bank of the stream channel is exposed. The lignite, 10 feet thick at this point, abuts directly against a mass of fine sand along an irregular, near-vertical face, and a thin layer of shale at the top of the lignite hangs over the edge. -This channel is probably the same one that was penetrated in the SW. corner of sec. 18. -Beyond the points marked on the map and the inferences drawn from them, nothing is known of the extent of these buried channels, and their full distribution can be revealed only by intensive exploratory drilling.
Partings in bed.C were observed at locations 32 and 34,.both on the Montana side of the area. At location 34, the power auger re-vealed a zone of partings about 2 feet thick, but the individual layers were not discernible in drilling. No partings were observed at the other locations.
Of the four mines in this area, only the Peplinski Mine (location 31) in sec. 9, T. 12 N., K. 61 E., Mont., is still operating. The lower 12 to 15 feet of the 20-foot bed is exposed in the mine. A channel sample taken 150 feet north of the shaft entry and given in table 1 shows a medium grade of lignite.
Overburden cmd floor rock. The overburden consists of interbedded sandstone, shale, and clay, with a few thin streaks of lignite. Beneath bed C is a soft, gray clay.
/Strippable reserves. The estimated strippable reserves of the southern part of the Beach-Wibaux deposit total 328 million tons of lignite under less than 120 feet of overburden. (See table 1 .) The indefinite eastern boundary and the unknown extent of channel erosion in this area constitute possible sources of error in the tonnage estimates, which can be corrected only after the deposit has been intensively explored by drilling. About three-fourths of the total tonnage, 254 million tons, lies under less than 60 feet of overburden and can be strip mined at an average stripping ratio of 2 cubic yards of overburden per ton of lignite. Owing to the small amount of overburden more than 60 feet thick, the entire southern part of the Beach-Wibaux deposit could be mined at an average stripping ratio of 2 to 3 cubic yards per ton.
POSSIBLE STRIPPABLE DEPOSITS
In addition to the selected deposits in the Beach-Wibaux and Four Buttes areas, eight other economically strippable deposits were investigated. All of these deposits were at least checked briefly in the field to note the nature of the overlying land surface, to take measurements of the lignite, and to get a general idea of their extent and relative value according to the criteria of strippable deposits used in this report. These deposits plus the mapped deposits do not by any means, exhaust the resources of Strippable lignite in the Wibaux area but represent only the areas discovered in reconnaissance or described in bulletins Of the U. S. Geological Survey.
The deposits are outlined roughly on the map ( fig. 35 ), bounded by the approximate location of the line of 120 feet of overburden..
These marginal deposits are scattered widely. Four are closely grouped in the northern part of the investigated area around Smith and Dry Creeks; two are in the hilly belt in the western half of thearea, and the other two are fairly close to the Beach-Wibaux deposit in the southeastern part of the area. The salient fa&tlWGS Of GHCll deposit are discussed briefly below, and where practical, an estimate^ of their tonnage is made. The deposits in the vicinity of Smith and Dry Creeks are described as a single group.
DEPOSITS IN THE VICINITY OF SMITH AND DRY CREEKS
The deposits in the vicinity of Smith and Dry Creeks are in the Sidney lignite field (Stebinger, 1912) and are a part of bed G of that field. The outcrop trace of bed G is mapped in detail in the report on the Sidney field, and a fairly adequate number of exposures have been measured. The deposits are separated from each other by scattered areas of rough topography and high relief and by divides that rise to more than 120 feet above bed G. This area is about 30 miles from both Sidney and Wibaux and may be reached by way of Montana Route 7 from either town. Route 7 is dirt and gravel surfaced, and the few other roads around the area are small rural roads and trails, a few of which are graded.
Smith Creek deposit. The Smith Creek deposit (no. 1, fig. 35 ) is on the north side of the valley of Smith Creek, and includes about 3 square miles in sec. 13, T. 19 N., R. 58 E., and sees. 17,18,19, and 20, T. 19 N"., R. 59 E. It underlies a broad, smooth hill bounded on the north and east by badlands. Five measurements in the deposit show that bed G ranges in thickness from 6 feet 8 inches near the center of the deposit to 9 feet 7 inches near its eastern end. About a mile north, in the badlands, bed G reaches a thickness of 15 feet 2 inches. No partings were observed in the bed. Assuming an average thickness of 8 feet, the deposit probably contains about 25 million tons of lignite under less than 120 feet of overburden.
Bullcamp Coulee deposit. The Bullcamp Coulee deposit (no. 2, fig. 35 ) occupies about 1 square mile in a valley between Bullcamp Coulee and Smith Creek. This deposit lies in sees. 21,27, and 28, T. 19 N.j R. 59 E. and is separated from the Smith Creek deposit by a steepwalled coulee bordered by narrow badlands. The deposit is centered on a locally thick lens in bed G. The only exposure in the deposit measures 11 feet, without partings. The bed thins to about 6 feet at the northern and southern borders. Assuming an average thickness of 10 feet, the deposit may contain 10 million tons of lignite under less than 120 feet of overburden.
Parson Greek deposit. The Parson Creek deposit (no. 3, fig. 35 ) is fairly large, occupying about 10 square miles, in most of the valley of Parson Creek, a tributary of Smith Creek. It lies in the north-central part of T. 18 N., R. 59 E. The land surface is rather hilly. In the middle of the deposit, one exposure of bed G measures 6 feet 2 inches; and, on the northeastern side, another shows 5 feet, 2 inches. Measurements in the badlands within a mile west of the deposit show that bed G thickens westward to about 10 feet. Assuming an average 284.
. CONTRIBUTIONS TO ECONOMIC GEOLOGY thickness of 7" feet, the Parson Creek deposit probably contains as much as 70 million tons of lignite under less than 120 feet of cover.
Dry Greek deposit. The Dry Creek deposit (no. 4, fig. 35 ) includes about 4 square miles in sees. 1, 2, 3,11,12, 13, and 14, T. 18 N., E. 58 E.; and sees. 18 and 19, T. 18 N., R. 59 E. It underlies smooth slopes on the north side of the valley of Dry Creek. The only exposure of bed G in the deposit i * in sec. 13, T. 18 N., R 58 E., where it is 7 feet 6 inches thick and without partings. The bed thickens to the north; and, in the badlands about a mile north of the deposit, it is 11-12 feet thick. Assuming an average thickness of 9 feet, the Dry Creek deposit may contain about 40 million tons under less than 120 feet of overburden. Further exploration may prove an extension of this deposit on the south side of Dry Creek, where one exposure of bed G measures 7 feet 6 inches.
GRIFFITH CREEK DEPOSIT
The lowest minable bed of the Glendive lignite field (Hance, 1910) crops out along Griffith Creek near U. S. Highway 10 about 9 miles east of Glendive. At this point, in NW*4 sec. 31, T. 16 N., R 57 E., the bed shows the following section:
Shale. Lignite ___________________ _ _______ 1 Q Sandstone, If the 6-inch bone parting is disregarded, the thickest bed of lignite in this section is Iiy2 f ect thick. From this point the bed dips northeast about 1 or Q degrees and underlies most of the valley of Griffith Creek. The valley sides are gently sloping, ana tke> b^a ma, y be strippat>ie m an area about half a mile to a mile wide and perhaps nearly a mile lip the valley of the creek (no. 5, fig. 35 ). If the lignite maintains a thickness of 10 or more feet, the deposit may contain about 10 million tons.
Feet Inches
HODGES DEPOSIT
The Hodges deposit (no. o, fig. 30 ) lies in the central part of T. 14 N., R. 58 E., in the belt of badlands f o«^a i~ *K« <>-< <>r ^^ of the Uuaiow memoer ol the Fort Union formation. South of Hodges, Mont., the lignite bed that lies at the contact ol the LudlOW and Tongue River members of the Fort "Union formation thickens locally. The area underlain by thick lignite is part of a high, dissected divide. The crest of the divide lies on the narrow remains of a smooth, upland surface;
and on either side of the crest, the land slopes away sharply into deep canyons. Along the precipitous sides and in the bottoms of these canyons, the lignite crops out about 100-150 feet below the upland surface. Hence, the strip of lignite under less than 120 feet of overburden is probably about a quarter of a mile wide, and the overburden less than 60 feet thick is mostly confined to the steep sides of the canyons. A deposit in such rugged country would not ordinarily be considered for strip mining, but this area is 2-3 miles south of the main line of the Northern Pacific Railway. Most of the sections of the lignite in this area given in the report on the Glendive lignite field (Hance, 1912) In the NE*4 sec. 28, another exposure shows 19 feet 7 inches of clean * lignite.
To'the north and east of the community of Hodges, the bed appears to be thin ; and, near the south border of T. 14 N., R. 58 E., it is also too thin to justify strip mining.
LITTLE BEAVER CREEK DEPOSIT
The Little Beaver Creek deposit (no. 8, fig. 35 ) may be .considered as a northern extension of the Beach-Wibaux deposit. It represents those areas underlain by bed C of the Sentinel Butte lignite field (Leonard and Smith, 1909 ) that were not included in the BeachWibaux deposit because of thin lignite, rough topography, and scarcity of information. The deposit lies in the northeast half of T. 15 N., R. 60 E., the narrow strip of T. 15 N., R. 61 E., and the northeast corner of T. 14 N., R. 60 and 61 E., Wibaux County, Mont., and the west half of T. 141 N., R. 105 W., Golden Valley County, N. Dak. It is about 6 miles north of Beach, N. Dak., by way of North Dakota Route 16. Its outline is illustrated in plate 43.
The outcrop of bed C is mapped in detail, and a number of measurements of the lignite are noted. The 120-foot overburden line was determined by mapping the base of the clinker of bed E., which lies 120 to 125 feet above bed C. On the North Dakota side bed E is, in most places, not visible; hence, the 120-foot line has been approximated.
The land surface on the Montana side is hilly and mostly pasture land. However, the hills do not rise to more than 120 feet above bed C except on the clinker-capped ridges in the southern and central parts of the area and on one pointed butte in sec. 9, T. 15 N., R. 60 E. In the valley of Little Beaver Creek in North Dakota, the land is a smooth, nearly flat plain.
Locations where the depth or thickness of bed C was measured are numbered on the map (pi. 43). Those exposures numbered 32 to 36 are in the sections of bed C in the Four Buttes deposit (pi. 41). The other exposures and well logs in the deposit, numbered 1 to 14 on the map, are given in sections below. Three additional well reports in T. 140 N., R. 106 W., N. Dak., which give the thickness and depth of the lignite where the overburden is more than 120 feet thick, are also given:
Sections of locations in bed 0 .
